achieved in the cockroach escape response. Variability for a set of windsensory inputs seems not to be achieved by producing a widely spread unimodal distribution of turns, or a truly random distribution of turns. Rather, there seem to be 'preferred' angles of escape with respect to an incoming stimulus signaling predatory strike. It is as if the strategy of Proteus was to elude pursuers by shifting unpredictably through a defined repertoire of shapes, rather than assuming an infinite variety of shapes at random.
The work of Domenici et al. [4] raises some questions that may stimulate additional research. Is this mechanism for generating protean behavior a general strategy used in other escape systems? It is unclear, for example, if and how it would be incorporated into a system like the teleost tail-flip escape, where there is often a stereotyped C-start followed by a more variable swim [8] . What happens when escape networks are used for other behaviors, as when fish use tail flips during the sequence for capturing prey [9] ? Most fundamental of all: how, at the neural circuit level, is a coordinate system for the spatial organization of preferred trajectories established? This might be influenced by such features as presence or absence of a motor planning phase [10] . Finally, why use a mechanism with constrained variability in the first place? Perhaps it leads to responses favoring the most appropriate vectors for effective escape. Only additional work will reveal the shape of the answers. Most modern protists (single-celled eukaryotes) are microscopic and only few, like giant kelps and deep-sea xenophyophores, reach a much larger size. These giant protists are usually immobile and have never been considered as potential makers of macroscopic trace fossils, almost all of which are attributed to metazoans [1, 2] . In a recent issue of Current Biology, however, Matz et al. [3] argue that some traces may have been produced by large, amoeboid protists resembling those they observed from a submersible at 700 meters depth on the ocean floor off the Bahamas. In their paper, Matz et al. [3] report large tracks on the seafloor associated with Gromia sphaerica, a deep-sea testate amoeboid protist distantly related to Foraminifera that grows up to several centimetres in size. Although they did not observe Gromia moving, the position of tracks and their shape clearly indicate that they were produced by gromiids. The authors suggest that the tracks were produced by the rolling movement of the spherical or grape-like gromiids. Whatever form of locomotion produced these tracks, their protistan origin seems beyond doubt.
By showing that not all modern deep-sea traces are produced by animals, Matz et al. [3] add a new level of uncertainty to the interpretation of trace fossils. These 'ichnofossils' are classified based on morphology into ichnogenera or ichnospecies usually without any reference to the identity of the trace maker [1] . Yet it is generally assumed that they are all produced by invertebrates. Based on this assumption, some very old (more than a billion years) ichnofossils have been interpreted as evidence for an early origin of metazoans [4, 5] . Although it is generally accepted that these traces were made by living organisms, their metazoan origin is highly questionable [6, 7] . For example, it has been proposed that they represent disrupted microbial mats [6] . The study of Matz et al. [3] raises the new possibility that protists might have played a part in the formation of these and other early fossil traces.
Several lines of evidence suggest that protists formed a well diversified assemblage long before the appearance of the first metazoans. The Proterozoic fossil record includes representatives of almost all supergroups of eukaryotes currently recognized [8] . Although the taxonomic identification of these fossils is sometimes controversial [9] , there is little doubt about their eukaryotic origin. An additional argument for a deep eukaryote radiation predating the Cambrian explosion is provided by molecular data. This radiation may not be as old as some authors have proposed [10] , but there is a relatively good consensus of genetic data that the radiation of extant eukaryotes occurred between 950 and 1350 million years ago [9, 11] .
Modern gromiids like those found by Matz et al. [3] have an organic theca with limited fossilization potential ( Figure 1A) . Although the oral capsule ( Figure 1B ) seems more resistant to decay than the rest of the theca, and might fossilise in a recognisable form [12] , there are no reports of these structures being preserved in the fossil record. Nevertheless, the molecular timescale suggests that the lineage leading to modern gromiids diverged more than 600 million years ago [9] . In molecular phylogenies, gromiids represent an old lineage, deeply branching within the supergroup Rhizaria [13] . It has been suggested that they form a sister group to Foraminifera [14] . Although the earliest fossil foraminiferans are reported from the Cambrian, the molecular phylogenies suggest that a large radiation of non-fossilized single-chamber (monothalamous) foraminiferans occurred in the Neoproterozoic [15] .
In fact, monothalamous foraminiferans are other potential makers of early fossil traces. Today, the muddy ocean floor is inhabited by a diverse and abundant assemblage of naked, organic-or agglutinated-walled monothalamids [16] . Some of them superficially resemble Gromia, as indicated by their name (Allogromiida). Most are small, but macroscopic species are also known. Their capacity to move is well documented; for example, the spoon-sized cells of Toxisarcon alba from Scottish fjords 'rapidly' climb aquarium walls [17] . While crawling across the mud, they could potentially produce tracks similar to those observed by Matz et al. [3] .
Both gromiids and monothalamous foraminiferans are relatively poorly known because their simple forms (often resembling fecal pellets; Figure 1A ) rarely catch the attention of marine biologists. Moreover, their naked, organic or loosely agglutinated tests are poorly represented in the fossil record, and are of little interest to the micropaleontologists who normally study foraminifera. Yet several recent studies have shown that gromiids and monothalamids are a dominant component of the benthos in deep-sea and high-latitude settings, and sometimes reach macrofaunal sizes [16, 18] . Genetic studies suggest that their simple morphologies conceal a plethora of diverse, sometimes very distantly related lineages. Some deep-sea species show worldwide distribution. This is well illustrated by the remarkable genetic similarity of the Bahaman specimens of G. sphaerica and those from the Arabian Sea where this species was first discovered [18] . These geographically widely separated populations raise important questions regarding biogeographic patterns and gene flow in the deep sea, in addition to stimulating ideas about the nature of the Precambrian biota.
As well as being abundant and diverse in modern oceans, gromiids and early foraminiferans could have been an important component of the Neoproterozoic biota. Seilacher et al. [19] proposed that amoeboid protists constituted the major part of the Ediacaran biomass and compared the enigmatic Vendobionta to large multinucleate xenophyophores. Although revised molecular clock studies [20] suggest that bilaterally symmetrical animals were already present in the Neoproterozoic, their ecological impact was probably limited until the Cambrian explosion. Large amoeboid protists such as gromiids are common in modern deep-sea settings and some groups, including the xenophyophores, are confined to bathyal and abyssal depths. As illustrated by Matz et al. [3] , the study of giant protists in these remote environments can yield new insights into the history of life before the animals take the stage. 
